Introduction

17
The green seaweed Ulva is an increasingly important food (Ortiz et al., 2006) , sterile strain also had a higher photosynthetic efficiency and growth rate, and also had 42 a higher total free amino acid and total carbon and nitrogen content.
43
Although it is straightforward to look for robust strains from wild populations, widely used (Charrier et al. 2015 ). These studies demonstrate that developing sterile, 49 or at least low level reproductive strains is technically achievable and would be 50 beneficial for long-term cultivation.
51
To date, sterile strains of U. rigida (a ubiquitous green seaweed implicated in 52 green tide events) have not been reported. This study aimed to develop a sterile strain 53 that would demonstrate high growth potential. To achieve that, varying doses of UV 54 radiation were employed to mutate a wild strain of U. rigida. In addition, patterns in 55 growth, nutrient uptake, and chemical composition were examined to shed light on 56 whether the sterile strain can be used for bioremediation and food purposes. 
172
The conditions for MS-MS detection were optimized to obtain the highest 173 signal intensity and were as follows: mode: positive-ion mode; ion spray voltage: with the SGR dropping to -15.6 ± 2.4% during the last three days (Fig. 1A) . The SM 289 SGR also differed significantly over culture times (F =9.872, df = 8, 16, P < 0.001).
290
In contrast to the WT, the SM maintained a positive SGR over the course of the 291 27-day culture, albeit at a reduced rate with time (LSD, P < 0.01), with the SGR on 292 the last three days still relatively high (11.4 ± 2.3%; Fig. 1B ). There were significant 293 differences in mean SGR between the WT and SM strains over the first 18 days ( t-test, t = -48.173, df = 6, P < 0.001).
296
The WT growth decline with time was consistent with other published Ulva days whereas 18.7 ± 2.3% of discs became fertile by day nine (Fig. 2) . The to more than 50 cm in length (Fig. 3) . In addition, the decline of growth in both strains 307 with culture time could be due to decreased light availability due to self-shading. The 
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The N: P uptake ratio (29.9) in the SM was higher than the 3.7-4.4 for U. 
Chemical composition and functional properties 347
The protein content of the WT accounted for 24.1 ± 0.8% of the biomass, 348 which was 58.8% higher than the SM ( Figure 5 ; Independent samples t-test, t = 8.224, 349 df = 4, P = 0.001). Although the SM had a faster nitrate uptake rate, the higher growth 350 rate (Fig. S1) the end of the culture (Fig. S2) , which could also contribute to the lower protein 
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There were no significant differences between strains for carbohydrate content.
359
The 13.8% lipid content of the SM was high compared with the WT and respectively (Björnsäter and Wheeler 1990), suggesting species specific differences.
385
In the present study, the internal nitrogen content in the WT and SM strains were 4.34 386 ± 0.14% and 2.79 ± 0.32%. Based on the nutrient consumption ( Fig. S2 ) and growth 387 data (Fig. S1) mainly influenced by the protein and fibre content as well as the particle size of fibre.
422
In addition, the conditions of measurement, such as pH, temperature, and ionic 
Conclusion
452
The results clearly demonstrate that this new sterile strain is a positive step 
673
Different superscript letters indicate significant differences between strains. 
